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We discuss some general properties of black hole entropy in loop quantum gravity from the
perspective of local stationary observers at distance ℓ from the horizon. The present status of the
theory indicates that black hole entropy differs from the low energy (IR) expected value A/(4G)
(in natural units) in the deep Planckian regime (UV). The partition function is well defined if the
number of non-geometric degrees of freedom gM (encoding the degeneracy of the area ap eigenvalue
at a puncture p) satisfy the holographic bound gM < exp(ap/(4G)). Our framework provides a
natural renormalization mechanism such that SUV → SIR = A/(4GNewton) as the scale ℓ flows.
PACS numbers:
I. INTRODUCTION
One of the main results of loop quantum gravity (LQG)
[9] is that the operators associated with area, volume
and such geometric quantities have discrete spectra with
a gap controlled by the length scale ℓ2g = γG given by
the product of Newton’s constant G and the Immirzi
parameter γ [1] (we use ~ = c = 1). This property
of geometric operators is at the heart of the computa-
tion of black hole entropy using statistical mechanical
methods in LQG studied in the past [2]. In all these
works an entropy proportional to the black hole horizon
is found; however, the proportionality constant depends
on the details of the models used and is generically a
function of the Immirzi parameter. The expected semi-
classical Hawking black hole entropy S = A/(4G) in such
framework can only be recovered by the fine-tuning of the
Immirzi parameter.
As the Hawking entropy of a black hole is a property
of the low energy gravitational theory it has been argued
in [3] that the renormalization of Newtons constant must
be taken into account. In this work we adopt the general
perspective of [3] and study the problem using the re-
cently introduced local formulation of quantum horizons
in LQG [4]. This new local perspective will allow us to
argue in more detail how the semiclassical Hawking black
hole entropy is expected to arise from the renormalization
group flow towards low energies.
In order to describe our assumptions in more detail let
us come back to the LQG prediction of discreteness of
geometry at Planck scale. One of the striking proper-
ties of such discreteness is that it is independent of any
matter content and any dynamics of quantum gravity:
it is in fact a simple consequence of the canonical com-
mutation relations which are directly derived from the
symplectic structure associated with the geometric part
of the classical gravity action. Thus there is a question as
to what is the correct value of the above couplings that
sets the scale of discreteness ℓ2g = γG (is it the classical
values, bare values or else?). We will see that this ques-
tion is very important for the consistency of the quantum
treatment of black holes in loop quantum gravity. The
analysis presented in this paper makes it necessary to
face this question head on.
The general wisdom that comes from the study of in-
teracting quantum field theories tells us that the cou-
plings that are relevant for low energy phenomena are
not necessarily the same as the ones that are involved in
the high energy dynamics. In fact the coupling constants
flow with energy scales via the renormalization group.
From this point of view it seems unlikely that the funda-
mental discreteness discovered in LQG (at a scale ℓg) can
be described by the classical value of Newton’s constant
(relevant for solar system Physics). The view maintained
in this work is that the fundamental scale of discreteness
is set by the values of the relevant couplings at the UV
cut-off for gravity (whose existence is necessary in the
framework of LQG). As the notion of renormalization
group flow is a dynamical issue (integrating out the dy-
namical degrees of freedom) a precise understanding of
such UV regime is to be established from the study of
the quantum constraints in the dynamical description of
LQG.
Why is the dynamics relevant if one finds out discrete
spectra of geometric operators directly from the classi-
cal symplectic structure? It is important because the
geometric operators that have these features are merely
kinematical observables—they do not commute for in-
stance with the Hamiltonian constraint (encoding gauge
invariance and dynamics in the background independent
context). According to the standard Dirac canonical for-
mulation these quantities are not observables due to their
lack of gauge invariance. The true geometric observables
must commute with the Hamiltonian constraint and in
this way the nature of their spectra get intertwined with
the dynamics.
It is usually expected that the discreteness of the kine-
matical observables will translate into the discreteness of
geometric Dirac observables (for a discussion of this point
see [5]). Heuristically, and at the classical level, it is not
difficult to imagine such Dirac observables. For instance,
the area of a region defined by some function of the coor-
dinates is clearly not a Dirac observable while the area of
the surface of a black hole horizon is. Only the second has
2an invariant meaning while the first is just a coordinate
dependent quantity. The quantization referred to above
concerns the first example. Its validity in the second case
(or the appropriate analogue in the QFT context, which
in itself is a difficult open question) must depend on the
interplay between geometry and matter degrees of free-
dom and hence is a fully dynamical question.
There is at least one example where the question of
the invariant definition of a geometric observable seems
tractable at present—this is the area of the isolated hori-
zon system describing a black hole horizon that is suf-
ficiently large and isolated so that it may be well ap-
proximated by a stationary near horizon geometry. Here
we will assume that the BH area is quantized accord-
ing to LQG and that the relevant discreteness scale is
fixed by the values of γ and G at the UV cut-off de-
noted by γ∗ and G∗ respectively. In other words, we as-
sume that, in the case of the BH horizon area, the details
of the quantum constraint dynamical requirements dis-
cussed above are fully encoded in the cut-off values of the
relevant couplings. These assumptions combined with a
recently introduced local formulation of quantum hori-
zons in equilibrium [4, 6] will lead to important insights
into the nature of the IR flow of BH entropy in LQG
and its consistency with semiclassical approaches. Here
we are revisiting some aspects of this with the recently
developed perspective. We believe that these results will
shed new lights on the general question of the continuum
limit in LQG.
We believe that the analysis of the issues in black hole
physics, where so much is known from both classical and
semiclassical (QFT on curved spacetimes) analysis, is the
ideal laboratory to start looking into the difficult ques-
tions concerning the quantum dynamics of LQG.
II. BLACK HOLE ENTROPY IN LQG:
CONSEQUENCES OF THE AREA
HAMILTONIAN
Our system is a large isolated black hole. It is isolated
in the precise sense that its classical near-horizon geom-
etry is well approximated by an isolated horizon [8]. The
area of the horizon is denoted by A. We describe the
system in the reference frame of local observers who are
stationary at a fixed proper distance ℓ from the horizon
in the near-horizon geometry. The scale ℓ is assumed to
be such that G(ℓ) . ℓ2 ≪ A where G(ℓ) is the value of
the gravitational coupling which determines the Planck
length at scale ℓ.
As shown in [6], in the reference frame of these local
observers the quasilocal energy of the black hole is pro-
portional to its area A. More precisely, the Hamiltonian
is given by (G is replaced by G(ℓ) in the Hamiltonian
obtained in [6] and in units of c = ~ = 1)
H(ℓ) =
A
8πℓG(ℓ)
. (1)
We will study the statistical mechanics of all degrees of
freedom relevant for these observers in the framework
of canonical ensemble. We further assume that the lo-
cal temperature measured by these observers is given by
the Unruh temperature TU = 1/(2πℓ) (this is a simple
consequence of the form of near-horizon geometry of IHs
and the validity of QFT in curved spacetime in the cho-
sen range of ℓ). A calculation of this temperature in the
context of discrete geometry of LQG has been recently
proposed by Bianchi [13, 14].
The reference frame of the local observers depends on
ℓ. However, in accordance with LQG we assume the ex-
istence of a UV cut-off value for the Newton constant G∗
where the scale ℓ∗ ∼
√
G∗ plays the role of a UV cut-
off. The Immirzi parameter γ is expected to flow with
ℓ as well. Thereby, the area spectrum of the horizon is
quantized in units of γ∗G∗ where γ∗ is the value of γ(ℓ)
at the UV cut-off ℓ∗. States of the horizon are given by
a collection of punctures (which can be seen as the end-
point of edges of spin-networks coming from the bulk of
the spacetime) each carrying a non-vanishing spin j. If
states are denoted by |j1, j2 · · · 〉 then using the LQG area
spectrum [9] and (1), we get
Ĥ(ℓ)|j1, j2 · · · 〉 = [ γ∗G∗
ℓG(ℓ)
∑
p
√
jp(jp + 1)]|j1, j2 · · · 〉.
(2)
Notice that the quantum degrees of freedom that are
relevant for these observers are both geometric and non-
geometric in nature. By non-geometric here we refer to
those that do not contribute to the area eigenvalue and
hence to the Hamiltonian (1). For simplicity we will call
the non-geometric degrees of freedom as matter but one
should keep in mind that some of these could be gravita-
tional in nature (e.g. gravitons).
Here we come to a crucial implication of the form of
the effective Hamiltonian: one cannot neglect matter de-
grees of freedom in the statistical mechanical description
of the system. This is due to the fact that the local
temperature at scale ℓ (or equivalently local acceleration
a = 1/ℓ) is sufficiently high for local observers for them
to see particles of all energies present in a thermal bath
according to the usual Planckian distribution. As the
non-geometric degrees of freedom do not contribute di-
rectly to the Hamiltonian they enter into the canonical
partition function only through the degeneracy factor of
the area eigenvalue. This means that they behave as if
they are at infinite temperature (β = 0) at which all
matter excitations are equally likely.
Even when this follows directly from the form of the
Hamiltonian (1), one can give an intuitive explanation as
follows: from the geometric point of view these degrees
of freedom need in deed to be at infinite temperature
in order that they are at equilibrium with the geometric
degrees of freedom which are at a temperature TU due
to the gravitational red-shift. A more complete physi-
cal picture is provided in [6] leading to the form of the
Hamiltonian (1) where one shows how the matter energy
3is translated into area when absorbed by the black hole.
Finally, we assume that matter and other non-area re-
lated degrees of freedom can be independently assigned
to individual punctures—this is a natural choice in the
framework of LQG because only at the punctures the
geometry is excited.
The inclusion of matter degrees of freedom in the anal-
ysis will lead to a non trivial flow of the entropy with the
scale ℓ set by the observers. This flow will make the pre-
dictions of LQG compatible with Hawking’s area law at
large scales. It is interesting that matter (which in our lo-
cal framework must unavoidably be considered) appears
as the key ingredient allowing the deep Planckian de-
scription of LQG to be consistent with the low energy
QFT semiclassical treatment.
Let us now go back to the calculation of the ther-
modynamical properties of our quantum system. With
the above assumptions the canonical partition function
is given by
Z =
∑
{sj}
∏
j
N !
sj !
[(2j + 1)gM ]
sj e−βsjEj (3)
where Ej = γ∗G∗
√
j(j + 1)/[ℓG(ℓ)] (according to (1)
and the area spectrum of LQG [9]), and gM ∈ N is the
degeneracy factor associated with the non-geometric de-
grees of freedom. The quantity gM parametrizes the mi-
croscopic degrees of freedom (matter degrees of freedom,
gravitons etc. not affecting the area) associated with a
single puncture of the horizon. Therefore, it is natural to
assume the most general form for this factor
gM = gM(j, γ, · · · ; ℓ), (4)
where the dots denote all possible coupling constants of
the matter degrees of freedom. A precise form of gM nec-
essarily depends on the dynamics: in the canonical quan-
tum framework of LQG this means that it will have to be
characterized by the resolution of the quantum Hamilto-
nian constraints in the vicinity of the horizon of the order
of ℓ. We will not attempt to explore this difficult question
in the present work (for some attempt see [10]), but still
we will see in what follows that some generic properties
can be obtained without a detailed knowledge of the gM .
Going back to our computation of the partition func-
tion, a simple calculation gives
logZ = N log[
∑
j
(2j + 1)gMe
−βEj ]. (5)
The average energy 〈E〉 = −∂ lnZ/∂β at the inverse tem-
perature βU = 2πℓ is a function of N, ℓ and gM . Notice
that unless (for large j)
gM < exp (
aj
4G(ℓ)
), (6)
where aj = 8πγ∗G∗
√
j(j + 1) is the LQG area eigenvalue
at a puncture with spin j, the partition function is not
well defined. Therefore, non gravitational degrees of free-
dom must be bounded by the above holographic bound.
This is an important implication of the present analysis
that will be discussed further below.
At thermal equilibrium one can obtain a relation be-
tween the number of punctures to the area
N =
A
4G(ℓ)a(γ, · · · ; ℓ) . (7)
where we have defined
a =
2π γ∗G∗
G(ℓ)
∑
j(2j + 1)gM
√
j(j + 1)e−2π
γ∗G∗
G(ℓ)
√
j(j+1)
∑
j(2j + 1)gMe
−2π γ∗G∗
G(ℓ)
√
j(j+1)
.
(8)
The quantity a is the one quarter of the one puncture
area expectation value at βU in Planck units G(ℓ) (the
peculiar 1/4 factor is only introduced in our definitions
for convenience in order to simplify the final expression
of the entropy below (eq. (12))). For the entropy we get
S = −β2 ∂
∂β
(
1
β
logZ) = logZ + β
A
8πℓ
. (9)
At βU = 2πℓ, we get
S =
A
4G(ℓ)
+ Σ[γ, · · · ; ℓ]N (10)
where
Σ[γ, · · · ; ℓ] = log[
∑
j
(2j + 1)gMe
−2π γ∗G∗
G(ℓ)
√
j(j+1)]. (11)
At thermal equilibrium we can make use of the equation
of state (7) to rewrite the entropy in the Sackur-Tetrode
form
S =
A
4G(ℓ)
(
1 +
Σ[γ, · · · ; ℓ]
a(γ, · · · ; ℓ)
)
. (12)
A minimal semiclassical consistency of this entropy
(which does depend on ℓ in a non trivial way) comes
from the fact that (for stationary black holes)
δM =
ℓ2pκ
2π
δS +ΩδJ +ΦδQ+ µδN, (13)
where S is given by (12) and µ = −κℓ2pΣ/(2π) is the
chemical potential [4]. This naive semiclassical consis-
tency follows from the fact that the above first law is
exactly equivalent (as a simple calculation shows) to the
usual geometric first law δM = κ2π δ(A/4) + ΩδJ + ΦδQ
for all values of ℓ 1.
1 In a recent paper [12] it has been argued that the well known
argument by Jacobson [11] on the possible relationship between
Einstein’s equation and thermodynamics can be reproduced from
LQG. This study is preformed under the assumption that µ = 0.
We would like to point out that the above consistency between
the geometric and the thermodynamical first laws (stated for
more general null surfaces) is at the heart of the result. Thus we
claim that the derivation of [12] remains valid for non vanishing
chemical potential.
4III. RENORMALIZATION AND SCALING
In the previous section we have seen that the entropy
of the BH flows with ℓ in a nontrivial fashion and does
not agree with the semiclassical entropy for arbitrary val-
ues of the scale ℓ. Nevertheless, the entropy is completely
consistent with the first law of black hole mechanics due
to the appearance of a nontrivial chemical potential re-
lated to punctures in the local LQG description of the
first law. However, the question remains as to how (i.e.
in which limit) the semiclassical Hawking entropy is to be
recovered. We will see in this section that agreement with
the semiclassical entropy is achieved at large values of ℓ
(IR/continuum limit) provided some conditions (renor-
malization conditions) are met by the renormalization
group flow of the relevant couplings in the framework.
As the non-geometric degrees of freedom do not con-
tribute to the energy, their thermal distribution is inde-
pendent of the temperature. Physically this is as if they
were at “infinite temperature”. For this reason it is ap-
propriate to view them as maximally degenerate which
might lead one to think that gM =∞ when no quantum
gravity effects are present. Now the quantum gravity
effects that could regularize this divergence are necessar-
ily non-perturbative in origin (continuum field configura-
tions have infinitely many degrees of freedom to all orders
of perturbation theory). In the previous section we have
seen that unless gM < expaj/(4G(ℓ)), the partition func-
tion and other quantities in the analysis are not defined.
We shall therefore assume that matter is maximally de-
generate in the sense that it is close to saturating the
previous bound.
Before making this statement more precise recall that
according to the popular paradigm of coupling constant
unification G(ℓ) flows to smaller values than G∗ for larger
ℓ. Even if this is not the case, that is G(ℓ) grows with
ℓ but much slower than ℓ2, the ratio G(ℓ)/ℓ2 is a small
number in the IR (of course, ℓ2 ≪ A). Therefore, the
degeneracy of matter can be expressed as an expansion
in G(ℓ)/ℓ2 in the IR, namely
gM(j, ..., γ, ℓ) = exp
(
aj
4G(ℓ)
)
×
[
g0
M
(j, ..., γ) + g1
M
(j, ..., γ)
G(ℓ)
ℓ2
+ · · ·
]
, (14)
where the real numbers gi
M
(j, ..., γ) represent per-
turbative corrections to the holographic factor
exp (aj/(4G(ℓ))). Recall that the latter factor rep-
resenting the maximal degeneracy of the non-geometric
degrees of freedoms has been introduced here for the
requirement of finiteness of the partition function
discussed above. We expect that it should be possible
to obtain a derivation of this factor from first principles,
e.g. from the relevant solutions of the quantum Hamil-
tonian constraint. The restriction on the degeneracy of
matter degrees of freedom presented above is a complete
analogue of the Bekenstein-Bousso bound leading to the
widespread notion of holography in the quantum gravity
literature [21, 22]. It is interesting that such a bound
comes out naturally in the present treatment. It is
also insightful that it only concerns the matter degrees
of freedom, just as in the usual setting where similar
bounds were presented. For that reason, we refer to it
as the micro-holography bound.
The function Σ becomes
Σ = log(z0 + z1
G(ℓ)
ℓ2
+ · · · )
= log z0 +
z1
z0
G(ℓ)
ℓ2
+ · · · , (15)
where zi =
∑
(2j+1)gi
M
(j, ..., γ). Similarly, for a we get,
1
a
=
G(ℓ)
γ∗G∗a0
(
1 +
G(ℓ)
ℓ2
b0z1 − z0b1
z0b0
+ · · ·
)
, (16)
where
bi = 2π
∑
j
(2j + 1)gi
M
√
j(j + 1), (17)
and a0 = b0/z0 is the IR value of a, namely a → a0 for
ℓ2 ≫ G(ℓ). Then the entropy at large scale ℓ is given by
S =
A
4G(ℓ)
[
1 +
G(ℓ)
γ∗G∗a0
(
log z0
+
G(ℓ)
ℓ2
[log z0
b0z1 − z0b1
b0z0
+
z1
z0
] + · · ·
)]
. (18)
Notice that the entropy receives two types of quantum
corrections in the infrared limit—one, the first correc-
tion term in (18) is a pure LQG correction coming from
the chemical potential of the punctures (for more dis-
cussion on this point see below) and two, the second and
subsequent correction terms in (18) coming from the mat-
ter (they are the analog of loops corrections in standard
QFT).
Now we impose a renormalization condition
4G(ℓIR)S
A
= 1 (19)
where by ℓIR we mean the large ℓ limit. This is the
deep IR region in our analysis. There are now two pos-
sibilities for the validity of the previous condition. First,
a0γ∗G∗ ≫ G(ℓIR), and ℓ2 ≫ G(ℓ) (this can happen in
more than one ways: one, if gravity in the infrared is
much weaker than in the UV, namely G∗ ≫ G(ℓIR) and
a0γ∗ ∼ o(1); two G∗ . G(ℓIR) but a0γ∗ ≫ 1), the renor-
malization condition Eq. (19) is automatically satisfied.
By definition
G(ℓIR) ≃ GNewton. (20)
Second, if the condition a0γ∗G∗ ≫ G(ℓIR) is not satis-
fied by the renormalization flow then the renormalization
condition (19) requires that z0 = 1 or more explicitly
1 =
∑
j
(2j + 1)g0
M
(j, · · · ). (21)
5The previous equation resembles in form similar condi-
tions on the Immirzi parameter found in the previous lit-
erature (see [23, 24] and references therein). However, the
non-perturbative pre-factor makes clear that all things
considered, i.e., using what is known for matter degrees
of freedom the value of the Immirzi parameter does not
play any special role. In fact the previous equation puts
condition on the IR value of all couplings present in the
functional g0
M
[j, · · · ].
Eq. (18) gives the total entropy and its quantum cor-
rections. In order to recover the Bekentein-Hawking en-
tropy in the IR we only need the condition (20) to be sat-
isfied. This is clearly compatible with the expected flow
from perturbation theory. However, notice that the full
entropy, that in the IR flows to the Bekentein-Hawking
expression, is given by (12) in the deep UV regime—it
comes with a correction to the Bekenstein-Hawking ex-
pression involving the (local) chemical potential associ-
ated to number of punctures µ¯ = −TUΣ. According to
our analysis the chemical potential flows to zero in the
IR as
µ¯ = − log z0
2πℓ
− G(ℓ)
ℓ3
z1
2π
+ · · · . (22)
This is consistent with the point of view that the number
of puncturesN is a relevant thermodynamic variable only
in the deep Planckian regime. For intermediate scales ℓ
where perturbation theory and standard QFT can be ap-
plied, the role of puncture as a thermodynamic variable
becomes less and less important because its chemical po-
tential is very close to zero. This is very much expected
on physical grounds. It says that the fundamentally dis-
crete LQG description in the UV (in terms of polymer-
like excitations, punctures, and chemical potential) is re-
placed by a continuum field theoretical description where
µ is very close to zero. Notice that the non-trivial scaling
of S in (18) is due to nongeometric degrees of freedom
has been observed earlier in the study of entanglement
entropy [18] where the scale ℓ plays the role of a UV
cut-off for the nongeometric degrees of freedom.
According to the paradigm of entanglement entropy
(18) is interpreted as a quantum correction [16] to the
geometric Bekenstein-Hawking entropy. In fact, accord-
ing to this picture (basically illustrated in the paper [18])
the geometric Sgeo plus matter contributions (appearing
as entanglement entropy) Sent combine to give the black
hole entropy S
S = Sgeo + Sent =
A
4GR
, (23)
where GR is called the renormalized gravitational con-
stant. From (18),
1
GR(ℓ)
=
1
G(ℓ)
[
1 +
G(ℓ)
γ∗G∗a0
(
log z0
+
G(ℓ)
ℓ2
[log z0
b0z1 − z0b1
b0z0
+
z1
z0
] + · · ·
)]
. (24)
Note that in our view GR is merely a different variable
to express the renormalization group flow of G(ℓ), while
the true Newton’s constant is G(ℓ), not GR(ℓ).
Coming back to our expression (18), we have seen that
the details of the scaling of the BH entropy depend on
the renormalization of the various couplings including
in particular G(ℓ). Such renormalization should take
place at length scales where matter loop effects are im-
portant. Furthermore, matter loops may produce other
sub-leading corrections to (14), such as log ℓ. These cor-
rections give rise to logarithmic corrections logA to the
entropy (18). In the context of entanglement entropy log-
corrections have been obtained by several authors [17–
19]. These log-corrections should be compared with the
log-corrections to gM—in fact, it will be an important
benchmark test of the semi-classical limit of LQG. No-
tice that these log-corrections are in general very differ-
ent in origin from the so-called LQG log-corrections to
(18). So it is not surprising that these corrections do
not agree [19]—there is no reason f or these to agree.
However, it is crucial that the log-corrections to gM and
those in the entanglement entropy are compatible with
each other. We intend to carry out these calculations in
future. LQG also suggests that the matter contribution
to entanglement entropy coming from sum over all loops
is finite!
IV. CONCLUSIONS
In this paper we have addressed the important ques-
tion of semiclassical consistency of the black hole entropy
in loop quantum gravity on the basis of some key assump-
tions, some of which are justified only recently. Let us
conclude by reviewing these assumptions and discussing
their implications for future investigations.
Of course, our main assumption is the validity of loop
quantum gravity as a description of the quantum degrees
of freedom of gravity at Planckian scales. This hypothesis
goes hand in hand with the expectation of the existence
of a UV cut-off for gravity and thereby, the existence of
well defined parameters G∗ and γ∗ at high energies.
The next important assumption is about the right ef-
fective Hamiltonian needed to describe the equilibrium
statistical mechanics of the quantum horizon as seen by
local stationary observers—given by (1). While there is
a direct calculation showing that such a simple Hamilto-
nian is the appropriate one at the classical level [6], it is
not obvious that one can extrapolate its validity to the
quantum level. In this respect one must say that this is
clearly the most natural choice from the point of view of
loop quantum gravity where the area operator is one of
the simplest object in the theory. Moreover, in the quan-
tum description of isolated horizons only area quantum
numbers appear in the characterization of physical states:
local area quanta (spin of spin network edges ending at
the horizon) is the only physical observables needed to
define a complete set of commuting observables of the
6physical Hilbert space of the horizon [25]. Therefore, un-
der the basic underlying assumption that LQG makes
sense, area (or a function thereof) seems as the natural
choice of local Hamiltonian. This together with the clas-
sical evidence mentioned above motivates this choice as
a notion of energy.
The consequences of these basic inputs are quite im-
portant. It is clear that the deep Planckian expression of
the black hole entropy obtained from the LQG framework
does not need to agree with the semiclassical value pre-
dicted by Hawking’s semiclassical calculation: the pres-
ence of a chemical potential associated with number of
punctures is an unavoidable feature of the polymer-like
nature of quantum states. In previous models agreement
could be enforced by tuning the Immirzi parameter to
a particular value. In all these models the possible con-
tributions of matter fields at the Planck scale have been
neglected for simplicity. However, as we have argued this
simplifying assumption is hard to justify because mat-
ter fields as well as gravity are expected to be equally
important at such high energies. In this paper we have
shown that both problems can in principle be solved at
one stroke with the introduction of the local formulation
and the appropriate Hamiltonian (1).
The above assumptions imply that the number of local
non-gravitational degrees of freedom must satisfy a micro
holographic bound given by the exponential of the one
quarter of the area quantum at punctures in Planck units.
Like the Bekenstein-Bousso bound, this bound concerns
only non-geometric or matter degrees of freedom. If the
bound is violated then the partition function and entropy
are divergent and the analysis becomes inconsistent.
Matter contribution to the entropy can also be inter-
preted as the entanglement entropy. Interestingly, if mi-
croholography is satisfied then the matter contribution
is such that in our approach the usual species problem is
resolved: entropy does not scale with the number of fields
and matter contributions can be consistent with Hawk-
ing’s semiclassical entropy for any number of species.
Consistency with the semiclassical Hawking entropy
puts nontrivial requirements on the behaviour of the
renormalization group flow of the gravitation coupling
G(l) and the other matter couplings. If a0γ∗G∗ ≫
GNewton then the chemical potential (the genuine LQG
fundamental discreteness contribution) correction to
Hawking entropy is negligible and semiclassical agree-
ment is guaranteed at low energies. This is an inter-
esting condition because it can be satisfied in at two dif-
ferent ways due to the fact that from (17) it follows that
a0 ≥ π
√
3. The first scenario is that the thermal distri-
bution encoded in (5) is such that low spins dominate,
i.e. a0 is order unity. Then one needs the ratio of scales
GNewton/(γ∗G∗) ≪ 1 which might be expected from the
properties of the renormalization group flow. The sec-
ond scenario is the one where GNewton/(γ∗G∗) is order
one but the thermal distribution is dominated by large
spins so that a0 ≫ 1. In this second case the matter con-
tribution gm to the partition function is the key question.
This question should be settled by studying the details of
the matter geometry interaction controlled by the quan-
tum Hamiltonian constraint2. If on the other hand the
previous conditions are not satisfied then there remains
a third possibility involving nontrivial conditions on the
matter couplings (this is explicitly expressed in equation
(21)).
All these requirement can be seen as a nontrivial guid-
ing principle to study matter interactions in LQG pro-
vided by our semiclassical understanding of black hole
physics. We propose to view such requirement as a renor-
malization condition and to use Hawking’s entropy as the
analogue of a gravitational “measurement” fixing such
condition. We hope that some future work using this
prespective will shed new light on the difficult subject of
the semiclassical and continuum limit of loop quantum
gravity.
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